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Dengue is highly sensitive to climatic conditions, especially temperature, rainfall, and relative humidity. Potential changes in climate may lead to an increased climatic suitability for transmission and an expansion of the geographical regions at risk. 1 Studies have shown annual minimum temperature as a key regulating climate parameter for dengue, and an increase in dengue transmission due to climate warming. The dengue virus is transmitted through the bites of infective female Aedes mosquitoes. When ambient temperatures were raised from 24 to 32°C, female Aedes mosquitoes display accelerated breeding and maturation cycles, shorter reproductive cycles, and double the feeding rate. In other words, they become infective earlier and bite more frequently. Dengue transmissions are attributable to urbanization with population growth, globalization, lack of effective control, and other human factors. 2 Rainfall is another predictor of epidemic risk that is important because it contributes to an increase in breeding sites.
Dengue is associated with morbidity, mortality, and significant economic cost. A country' s dengue transmission is associated with risk factors unique to that country, as the effect of climate on Aedes aegypti may vary within a region, due in part to social factors that interact with climate to influence vector dynamics. 3 Aedes aegypti lives in urban habitats and breeds primarily in man-made containers that collect water. These prolific sources open a window of opportunity for dengue to proliferate. Aedes albopictus is a secondary dengue vector that is highly adaptive and can survive in cooler temperatures.
Smaller nations such as Singapore, Fiji, and Hong Kong are already facing climate change and are coming to terms with its impact on dengue transmission. These nations can expect more extreme weather conditions, a reminder to raise awareness of climate change and its impact on dengue transmission.
In Singapore, the impact of climate change has been observed in the rate of warming over a period of six decades to be more than double the global average of 0.12°C over the same period. 4 With the change, there is a projected rise in mean temperature by up to 4.6°C towards the end of the century and a mean sea level rise by up to about 1 m by 2100. Responding to these changes, the Singapore government has started initiatives in generating awareness about climate change by designating 2018 as the Year of Climate Action. 5 Singapore is a small and highly urbanized tropical island city-state with hot and humid weather. It houses two vectors of dengue, A. aegypti and A. albopictus. Dengue is endemic and remains a major public health concern, with peaks in the hot months of July and August. In the local context, there have been several dengue outbreaks annually. In 2015, the incidence rate of dengue was 196 per 100,000 population. 6 It appears that societal factors, population and urbanization, are the leading drivers of increased dengue infections over the past 40 years, rather than meteorological parameters such as temperature and rainfall. The rapid population growth contributed 86% to the dengue increase while 14% is due to a rise in temperature. 7 As Singapore is in a dengue endemic region and is a busy travel and trade hub, dengue virus surveillance has revealed a high viral diversity by way of imported cases. 8 In spite of having a highly efficient vector prevention and control policy, 9 the population is still susceptible to dengue epidemics. This year' s dengue activity has been relatively low and consistent with 2017, which the National Environment Agency (NEA) attributed to three possible reasons. 10 First, the increase in the local population immunity due to earlier
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outbreaks. Second, a concerted effort at containment by the community and the NEA in response to the 2016 Zika outbreak, and third, an island-wide network of gravitraps that catch and collect data on A. aegypti.
In March 2018, the World Health Organization (WHO) reported dengue-like illness in Fiji and many of the Pacific Islands. 11 In the Pacific Islands, with Fiji being the most prominent, the low-lying islands and atolls are experiencing warming temperatures, increasing sea levels, destructive storms, and persistent droughts leading to higher rates of diseases. The climate change with higher minimum temperatures has caused outbreaks in 1997, 2002, 2008 , and 2013, 12 and there have been several since then. In February 2018, the Fiji Ministry of Health declared an outbreak of dengue fever in the western division, with 312 confirmed cases. 13 By May, there were 3437 confirmed dengue cases.
Hong Kong, like Singapore, is a small, highly urbanised populated city. Climate change has led to an increase in average temperature annual total rainfall (an average of 40 mm per decade), and the mean sea level at Victoria Harbor (at a rate of 31 mm per decade). 14 In Fiji and to a certain extent in the recent Hong Kong outbreak, climate change situations have aggravated dengue transmissions. Of particular note is that in Hong Kong almost all notified dengue fever cases are imported cases from endemic countries, many of whom are international travelers to Hong Kong. This was the situation in the August 2018 outbreak that was traced to a source at the Lion Rock Park and whose vector was A. albopictus. 15 Dengue disease continues to be a public health threat and substantial economic burden. Many contributing factors such as climate change, human migration, urbanization, socio-environmental behavioral factors, and increased international travelers that influence transmissions have also made accurate predictions of their impact on the incidence of dengue difficult. Hence, preventive and sustainable strategies are needed, and the best of them include public education, stringent vector control, and ongoing surveillance of cases at the local level. As dengue is a major global public health burden, executing continued international collaboration in surveillance, epidemiological and clinical information exchange, and statistical analyses should contribute to faster alerts, and better prevention and control strategies.
